Aims and objectives. To explore nurses' reactions to new novel technology for acute health care. Background. Past failures of technology developers to deliver products that meet nurses' needs have led to resistance and reluctance in the technology adoption process. Thus, involving nurses in a collaborative process from early conceptualisation serves to inform design reflective upon current clinical practice, facilitating the cementing of 'vision' and expectations of the technology.
• Early involvement enables potential user insight to be gained to more fully understand the potential capabilities of novel interventions or technology
• Application of the initial 12 domains of the theoretical domains framework (TDF) (Michie et al. 2005) during analysis was useful to identify potential barriers and enablers to the implementation and uptake of novel technology into nursing practice; pertinent issues perceived to impact the implementation process were illuminated.
Introduction
Information technology has the potential to significantly improve and streamline nursing practice by merging and integrating key functions and enhancing the immediacy and accuracy of bedside information. Successful application of 'smart' technology however, relies upon user acceptance (Davis 1989 , Venkatesh & Davis 2000 , Ketikidis et al. 2012 . Failure to gain acceptance by key end-users can be both organisationally devastating in terms of financial cost, and dangerous in terms of patient safety (Bakken et al. 2004) . Involving the expected end-users in the early stages of the concept design and gathering feedback and impressions are recognised as a prudent general strategy to increase user acceptance (Davis 1989 , Venkatesh & Davis 2000 , Ketikidis et al. 2012 .
Nurses' acceptance of technology solutions is not well understood (Chow et al. 2012) . In this paper, we report on this critical element of user acceptance through an exploration of nurses' reactions to a specific novel technology solution designed to support nursing care in the acute care environment. The study was undertaken when the technology was in the early design stages so that potential users had the opportunity to make a meaningful contribution to the development process. The findings served to usefully inform and shape a prototype version of the new technology that was envisioned to electronically capture nursing documentation and enhance communication of real-time patient-specific information, which traditionally is communicated verbally or in writing. The aim of the new technology was to replace paper-based nursing documents, to reduce administrative burdens on nurses, remove duplication or double-handling of patient data, and support care planning and other activities to reduce the risk of missed care to improve patient safety. The product now is marketed as SmartWard TM . More details on SmartWard can be found at smartward.com.au. The purpose of this paper was to report the first stage of a longitudinal programme of research aligned with the design, development and adoption of the SmartWard TM technology to support nursing work in acute care, from conceptualisation to implementation. The research was conducted by nurse researchers independent of the technology developers. The findings were shared with developers at each stage to inform the next stages of the technology development. In this first phase, a series of focus groups were conducted and the data were analysed using the 12 theoretical domains framework (TDF) and component constructs developed by Michie et al.(2005) as a guide. These TDF and associated constructs were used to categorise and analyse data to gain understanding of nurses' initial reactions to a prototype of SmartWard TM designed to support and enhance nursing work.
Background
The complexities associated with the coordination, communication and delivery of health care at the point of care, present particular challenges for the design of information technology (IT) systems. In an Australia-wide qualitative study that examined nurses' experiences of already established Computerised Patient Information Systems (CPIS), Darbyshire (2004) found that nurses commented that these established systems made no 'clinical sense' and were perceived to waste time. Overriding of the system, duplication of documentation and reverting to familiar systems such as paper recording, have all been reported as work-around strategies used to continue delivery of safe and reliable clinical communication and care in the face of technological solutions that do not meet clinicians' needs (Alaszewski 2005 , Dowding et al. 2009 , Lau et al. 2010 , Viitanen et al. 2011 . To mitigate such problems, we created an ongoingcollaborative process which engaged both nursing and information technology industries to actively contribute to the development, and sequential implementation, of a novel technology solution to support nursing work within acute health care settings. Our approach is expected to increase the likelihood of achieving a feasible, viable and crucial solution to product development for healthcare.
Building technology systems suited to support nursing care Jennings et al. (2009) recommended that technology systems need to be designed to meet the full clinical and research needs of the clinical nurse. However, designing a technology system specifically designed to assist the nursing profession, that adequately and appropriately meets the requirements of nursing in terms of design and flexibility, is challenging. Others have suggested that such systems should encompass a set of standard elements directly related to the routine of everyday nursing practice (Yu et al. 2009 , Yun-Ke et al. 2009 ). Previously, technology systems have addressed some of the needs of nursing care delivery, but fall short of supporting the full scope of nurses' work in complex clinical settings: i.e. the system doesn't think like a nurse thinks (Yun-Ke et al. 2009). Cornell et al. (2010a) observed more than 98 hours of nurses' workflow patterns and found that nurses were often observed to make important decisions about care delivery quickly and decisively. Their workflow, however, was often sporadic and chaotic in nature incorporating a complex mix of patient and environmental data and clinical experience. They discovered further that workflow patterns of nurses change little after the introduction of technology. Indeed, the technology added an extra task (Cornell et al. 2010b) .
Disparities between the clinical work of nursing and the effectiveness of technology systems in supporting nursing work are commonly reported. Issues such as responsiveness, reliability and ease of use are often cited problems (Alaszewski 2005, Garg et al. 2005 , Kawamoto et al. 2005 , Yun-Ke et al. 2009 ). In addition, difficulties with security, maintenance and confidentiality of patient records are also reported as barriers to the assimilation of new technology into nursing work (Venkatesh et al. 2003 , Garg et al. 2005 , Weber et al. 2009 , Holden 2010 , Viitanen et al. 2011 .
In summary, technology systems have not yet effectively captured the multidimensional aspects of nursing care in a way that promotes efficient and effective nursing workflow. Accordingly, adoption of technological solutions capable of supporting nursing practice, that could potentially improve care delivery and patient safety and outcomes, requires early contribution and buy-in from nurse end-users (van der Meijden et al. 2003 , Lau et al. 2010 . van der Meijden et al. (2003) suggest that key stakeholders should be involved during the design of the initial concept to set the 'vision' and continue to be involved on an ongoing basis (p. 242) throughout the ongoing evolution and development of the software. We applied a qualitative approach to understanding the issue of acceptance of technology by nurses, which allowed for full exploration of the participants' reactions. This was informed by a theoretical framework developed by Michie et al. (2005) to explore behaviour change related to the implementation of evidence into practice. Tavender et al. (2014) reported use of a similar iterative approach to data analysis, where in keeping with the qualitative nature of the study, they coded findings against the concepts in the TDF to tease out where behaviour change initiatives might be needed. We used a two-stage interpretative approach that enabled us to address two research questions: (1) What were the nurses' initial reactions to the new technology being proposed? (2) What did nurses perceive to be the main barriers and enablers to implementing technology of this nature into nursing practice? Furthermore, it also provided another opportunity to use the TDF in health care practice.
Methods Design
A qualitative exploratory design was used. Data were collected from four semi-structured focus group interviews involving a convenience sample of 52 nurse participants from two hospitals in metropolitan Melbourne, Australia.
Ethics approval
Approval for the study was provided by the Human Research Ethics Committees of the university and two affiliated hospitals. The project was funded by Sage Health Ltd, who approached the university as a potential collaborator; thus, the researchers had no prior connections to the company or the proposed technology and thus no conflict of interest to declare. The company recognised the need for independent research to be generated that would inform the development of the new technology. This company later changed its name to SmartWard Pty Ltd.
Setting and data collection
The participants were registered (bachelor prepared) or enrolled (diploma prepared) nurses employed at one public and one private health care organisation in metropolitan Melbourne, Australia. The hospitals were chosen through convenience because access to the workforce, for research purposes, already existed through joint clinical academic appointments. Furthermore, although limited technology was available to nurses to capture clinical activity in the private hospital, the public hospital did not, at that time, have any electronic patient records or any systems that enabled nurses to document patients' care needs and subsequent interventions provided. Both organisations were exploring possible systems to implement to fill this gap.
The nurse participants who volunteered for this study worked on general or specialist medical and surgical wards, and had variable years of clinical experience. The sample included nurses who naturally fell into one of two groups: 'native technology users' who in the main tend to be familiar with the ever-changing technological environment that is apparent in today's society and 'migrant technology users' (Bayne & Ross 2007 , Toledo 2007 who were those who needed to adapt, and continue to adapt, to technological changes in their work.
At the start of the focus group interviews, nurses were shown a short video of the proposed technology system prototype SmartWard TM , following which they were invited to share their perceptions and initial reactions. Discussion topics were guided where necessary by evidence-informed interview themes. Each of the focus groups was audio-taped and transcribed verbatim; supplementary field notes were also collected to assist analysis.
Data analysis
The deductive analysis plan was based on the TDF (Michie et al. 2005) . The focus group data were analysed independently by two experienced researchers (BK and MB) in two stages. Table 1 ). The 12 TDF, derived from consensus of representatives from health theorists in psychology and health research (Michie et al. 2005 , Cane et al. 2012 , guided the development of understanding of nurses' perspectives in terms of barriers and enablers to the technology. Stage II: content analysis was used to identify comments in each of the domains that related to likely barriers or enablers to future implementation of the novel technology. Frequencies of these occurrences for both barriers and enablers were then calculated and reported through percentages. Qualitative data were identified that best illustrated the main themes identified.
Results
The findings are reported in line with the two stages of data analysis.
Thematic analysis of reactions according to the TDF
Nurses' comments about barriers and enablers to using the novel technology were distributed throughout each of the 12 TDF domains (Michie et al. 2005 ) (see Table 1 ). Aspects of the novel technology that made it more or less appealing for nurses emerged. Of primary importance to nurses was that the system did not 'remove' their professional autonomy but rather enhanced their ability to provide quality nursing care for their patients. Thus, in comments that related to the TDF domain of skill, nurses made it clear that they did not want the novel technology to hinder their nursing practice.
Content analysis of reactions
The reactions from the nurses were re-examined, following which the number of reactions which fell into each specific domain, either as a barrier to the implementation or an enabler, were calculated. These are represented as percentages for each of the 12 domains and by public and private sector. The distribution of nursing reactions over the 12 TDF domains from Site 1 is captured in Fig. 1 . Nurses indicated that they see the potential benefits to the tool, with a high percentage of enabling comments in the domain of Environmental Context and Resources (38%). The highest number of barrier comments aligned with the Beliefs about Capabilities domain (25%). There were domains identified in which no comments aligned: Knowledge (0%), Motivation and Goals (0%) and Emotion (0%). The reactions from Site 2 nurses over the TDF domains are presented in Fig. 2 , which shows a relatively even distribution across the domains. Noticeably, Beliefs about Consequences (24%) was the domain with the most enabling comments and Skill (24%) was the domain with the most barrier comments.
Discussion
This exploratory study was undertaken to better understand nurses' initial reactions to a proposed technology solution, i.e. SmartWard TM . The early involvement of nurses as part of the development of this novel technology appears to have been extremely valuable as it provided evidence to indicate implementation feasibility for the technology to (2003) , suggests that such a collaborative process, which starts at the initial conceptualisation of the idea and continues on throughout the design process, can promote alignment in perspectives across both health and technology industries. They recommend that, in the ideal situation, such collaboration should continue on an ongoing basis. Participants' comments indicated that involving them as potential users of the technology early in the design process engendered their sense of external respect for their professional contribution and control over the development of the new technology (van der Meijden et al. 2003) . Furthermore, studies have similarly found that greater user satisfaction arises from early input into tool design (van der Meijden et al. 2003 , Yun-Ke et al. 2009 , Kowitlawakul 2011 .
The nurse participants in this study revealed reactions indicating that such a system could be valuable in clinical settings; however, their acceptance of the technology would require further nursing input, particularly in relation to design around the nursing workflow patterns and the tool's flexibility to accommodate a variety of different clinical nursing activities. This finding reinforces earlier literature, which suggest that to 'value add' from the nursing perspective, the tool needs to capture real nursing work, be relevant to patient care and illustrate meaningful clinical outcomes (Darbyshire 2004 , Lang 2006 , Asaro & Boxerman 2008 , Cornell et al. 2010a , Chow et al. 2012 .
Exposing the nurses to the 'prototype' of SmartWard TM , through the use of video, allowed them to explore a vision for the novel technology in relation to their current practice. Understanding the process of 'vision creation', and their reactions through comments about barriers and enablers enabled greater exploration of the more complex cognitive processes of nursing care delivery and the circuitous nature in which nurses think, plan and manage their care delivery (Cornell et al. 2010a) . A tool designed to meet these needs, and support practitioners to deliver safe, highquality care in this multidimensional clinical environment, may also assist with supporting effective use of the technology in the clinical setting.
Nurses in this study envisaged the SmartWard TM prototype to be both reactive and interactive within the chaotic nature of their clinical environments. This is supportive of other literature, which reflects this approach for design of technology (Chow et al. 2012) . While the nurse participants were only able to comment after viewing a short video of SmartWard TM prototype, they did appear to react favourably towards the system. Reactions became more favourable after they had time to explore their opinions and envisage its ultimate application to their clinical setting. Nurses from Site 2, however, appeared to be more optimistic about using the technology; comments about enablers were more frequent from this group. Similar findings are reported by Chow et al. (2012) who suggested that such reactions might be reflective of those exposed to other 'smart technology' ideas in their workplace, and as such, greater familiarity with the potential and capabilities of the novel SmartWard TM (Bayne & Ross 2007) .
Aspects of the novel technology that made it more or less appealing for nursing staff emerged. Of primary importance to nurses was that the system did not 'remove' their professional autonomy but rather enhanced their ability to provide quality nursing care for their patients. This was reflected in comments that related to the TDF (Michie et al. nurses in the team clear frames of references, medication administration and the coordination of the care between different clinical areas. Clearly, defining nurses' work is challenging and measuring the care provided by nurses is particularly difficult. Few technology systems have tried to capture the essential components of nursing work and model software on the nurses' needs and requirements (Randell et al. 2007 ). Instead, systems have tended to 'dictate' to the nurse the tasks that need to be done, consequently eliminating or demeaning nurses' clinical thinking, reasoning skills and judgement critical for patient safety. Nurses in this study made it clear they did not want technology to remove their autonomy in decision-making from their practice or provide 'tick box' solutions for their nursing tasks. In preference, they expressed a desire for tools that will provide them with access to information that will inform and support their decisions and care processes. The utility of novel technology for issues related to clinical patient safety is an aspect of practice that requires further exploration in the future stages of testing. However, the literature suggests there is a perceived increase in patient safety in the clinical environment following the implementation of technology to the clinical area (Bakken et al. 2004 , Van de Castle et al. 2004 .
The nurses' vision for the tool was to provide a clearly traceable avenue for accountability and responsibility for practice. Nurses' comments surrounding documentation processes emphasised the importance of behaviours in response to problems in care; the example used was that of a patient with a temperature of 38 degrees Celsius -so what did the nurse do about it? Clear transparent practices of assessment, planning, interventions and evaluation, or the nursing process, can be reflected in the tool leading to greater and more effective planning and coordination of patient care. Furthermore, real-time documentation is being requested and the use of novel technology to assist with this was supported by the nurses.
The ultimate goal for the novel SmartWard TM technology is to capture and operate how a nurse thinks. Our initial findings serve to provide some useful insights that can be generalised to the adoption of technology solutions in nursing contexts. Such a tool needs to be sophisticated, flexible and adaptable to support nurses to deliver high quality and safe patient care.
Limitations
Convenience sampling was used, which imposes restrictions on the wider applicability of the findings. The small sample of volunteer nurses from medical and surgical wards at public and private hospitals may not be representative of the broader nursing population, hence limiting the application of the findings to other settings. Furthermore, previous experiences with technology, together with daily use of current clinically related software programs may have impacted on the nurses' lived experiences and their reactions to the SmartWard TM prototype.
Conclusion
Our study clearly showed the benefit of drawing upon multiple sources to inform understanding. So in this case, we drew on behavioural theories related to evidence implementation, design science ideas, management theories and the nursing informatics literature, to develop a rich theoretical lens from which the full picture of the potential interactions and impacts of a technology solution in a nursing context can be studied. This process has the added benefit of promoting end-user acceptance of the new technology, a concept to be tested in the next stage of this research.
Recommendations
Further study is now needed to engage clinical nurses and test the evolving design of the novel SmartWard TM technology and its relativity to the clinical environment, the discipline of nursing and the benefits to patient care. A pragmatic approach needs to be taken using pre-and postclinical trials.
Relevance to clinical practice
• Nurses' initial reactions to a new technology provide understanding of their perceptions and their needs critical to guide development and implementation;
• This unique insight into the requirements of the user is a critical step that contributes to ultimate end-user acceptance;
• Engaging nurses to inform the design can support subsequent compliance with use of technology solutions through building familiarity and ownership and identifying opportunity to tailor the system and implementation to suit complex acute clinical settings.
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